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The invention concerns a method for desalting 
water by reverse osmosis, in particular for desalting 
seawater. The method consists in introducing sea water 
at a first pressure level into a pressure compensating 
device, before causing to penetrate at a second 
pressure level, higher than the first, into a membrane 
module, then in evacuating from the latter the desalted 
water and the concentrated salt water. The invention 
aims at increasing the yield and consequently the 
energy balance of said method. To achieve this, the 
concentrated salt water evacuated from the membrane 
module is continuously introduced, at the second 
pressure level, in the pressure compensating device, 
wherein it is used to subject the salt water introduced 
in the pressure compensating device, to the second 
pressure level, and to evacuate the salt water and 
convey it to the membrane module. The invention also 
concerns a device for implementing said method. 
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(57) Abrege/Abstract 

The invention concerns a method for desalting water by reverse osmosis, in particular for desalting seawater. The method 
consists in introducing sea water at a first pressure level into a pressure compensating device, before causing to penetrate at a 
second pressure level, higher than the first, into a membrane module, then in evacuating from the latter the desalted water and 
the concentrated salt water. The invention aims at increasing the yield and consequently the energy balance of said method. To 
achieve this, the concentrated salt water evacuated from the membrane module is continuously introduced, at the second 
pressure level, in the pressure compensating device, wherein it is used to subject the salt water introduced in the pressure 
compensating device, to the second pressure level, and to evacuate the saltwater and convey it to the membrane module. The 
invention also concerns a device for implementing said method. 
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Abstract 

The invention concerns a method for desalting water by reverse osmosis, in particular for 
desalting sea water, whereby salt water at a first pressure level is introduced into a 
pressure compensating device, and is conveyed from the pressure-compensating device at 
a second, higher pressure level into a membrane module, whereby desalted water and 
concentrated salt water are discharged from the membrane module. In order to increase 
the efficiency and consequently the energy balance of such a method, the invention 
proposes to continuously introduce the concentrated salt water, which has been 
discharged from the membrane module, at a second pressure level into the pressure- 
compensating device, wherein it is used to subject the salt water introduced into the 
pressure compensating device to the second pressure level, and to discharge the salt water 
and convey it to the membrane module. The invention also concerns a device for 
implementing this method. 
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Aloys Wobben, Argestrasse 19, 26607 Aurich, Federal Republic of Germany 

Method and device for desalting water 

The invention concerns a method for desalting water by reverse osmosis according to the 
preamble of claim 1, as well as a device for the implementation of that method. 

A method and device of this type are known from WO 97/21483. Here, the salt water is 
pressurized by applying an exterior pressure to a pressure medium, the pressure of which 
is then transferred to the salt water. The design of one embodiment is such, that the salt 
water at first is pumped by a first pump into a first chamber of a three-chamber 
configuration at relatively low pressure. Subsequently, a high-pressure pump applies a 
high pressure to a pressure medium in a second chamber of the three-chamber 
configuration, which results in the saltwater in the first chamber to be conveyed into the 
membrane module at the high pressure necessary for reverse osmosis. Simultaneously, 
the concentrated salt water, which has not penetrated through the membrane of the 
membrane module, is conveyed into a third chamber of the three-chamber configuration. 
Finally, the next delivery of salt water by the first pump into the first chamber results in 
the concentrated salt water being discharged from the third chamber, and ultimately from 
the device. 
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In this known method the high-pressure pump delivers a pressure medium at a high 
pressure level to the membrane modules, and no longer has to pump salt water, as has 
been the case in other known methods, and which due to the salt water's oxidation 
potential exacted high demands on the material of the pump, which significantly 
increased its costs. But a high-pressure pump to create the pressure necessary for reverse 
osmosis is still required, which has a negative effect on the energy balance, and 
consequently on the overall efficiency of the device. In addition, the known method 
operates in two processing steps, whereby one of the two processing steps generates 
desalted water, while the other processing step re-supplies salt water and discharges the 
concentrated salt water. 

The object of the invention is to provide a method with improved efficiency and a device 
for the implementation of that method. 

Starting with the above-mentioned method and the above-mentioned device, this problem 
is solved by the method according to claim 1 and the device according to claim 7. 

The invention is based on the realization that a pump to generate the high pressure 
necessary for reverse osmosis can be omitted entirely and be replaced by a pump 
generating a significantly lower pressure, if the pressure, which the concentrated salt 
water inevitably possesses at the outlet of the membrane module, can be utilized by 
continuously re-circulating this concentrated salt water into the pressure-compensating 
device to pressurize the salt water pumped into the pressure-compensating device. In this 
context it is especially important that this process takes place continuously, since 
otherwise the pressure in the salt water feed pipe from the pressure-compensating device 
to the membrane module would drop and would have to be re-generated by a high- 
pressure pump, as is the case in the known method, and in addition no continuous 
production of desalted water would be possible. 

Advantageous further developments of the method and the device follow from the 
dependent claims. 

The invention is explained in more detail in the following with the help of the figures. 
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Fig. 1 shows a schematic diagram illustrating the method according to the 
invention, 

Fig. 2 shows an embodiment of the device according to the invention, 

Figs. 3a, b show representations of this embodiment during different operating 
stages, and 

Fig. 4 is a representation of the operating stages of this embodiment during a 
complete operating cycle. 

The schematic diagram of Fig. 1 shows a feed pump 1 to introduce salt water 10 into a 
pressure-compensating device 2 at a first pressure pi. The same salt water 1 1, which now 
is pressurized to the high operating pressure necessary for reverse osmosis, is conveyed 
from the pressure-compensating device 2 to the membrane module 3. Here part of the salt 
water 1 1, due to the high pressure, penetrates though the membrane 6 (for example 25% 
of the salt water 1 1), is desalted in the process, and is discharged as desalted water 12. 
The remaining portion of the salt water 1 1 (e.g. 75%) cannot penetrate through the 
membrane 6, and is returned as concentrated salt water 13, still at the high pressure level 
p 2 , to the pressure-compensating device 2 through a connecting line 5. There, this high 
pressure level is used, in a manner still to be explained in more detail, to pressurize the 
salt water 10 introduced into the pressure-compensating device 2 to a high pressure level 
and to convey it to the intake of the membrane module 3. Simultaneously, also in a 
manner still to be explained in more detail, the pressure level pi, to which the salt water 
10 is pressurized by the feed pump 1, is used in the pressure-compensating device 2 to 
ultimately discharge any concentrated salt water 14 present therein through the discharge 
line 4. All of the described stages take place simultaneously and continuously, so that no 
high-pressure pump is required to re-generate a high operating pressure, and desalted 
water 12 is available continuously. 

In particular the design and operating principle of the pressure-compensating device 2 
will be explained in more detail with help of the invention's embodiment shown in Fig. 2. 
Here, the pressure-compensating device possesses three identical piston devices 20, 30, 
40, each of which possesses one intake chamber 21, 3 1, 41 to take in the salt water 10, 
one discharge chamber 22, 32, 42 to accept the concentrated salt water 13, and one 
pressure chamber 23, 33, 43. 
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Each of the piston devices 20, 30, 40 contains a special piston 24, 34, 44, which 
subdivides the piston interior into the mentioned chambers, and which in the drawing can 
move in the vertical direction within the piston arrangement. Feed pipes with (passive) 
check valves 28 38 48 lead from the feed pump 1 to each of the intake chambers 21, 3 1, 

41 Hereby the design of the check valves 28, 38, 48 is such that they open to admit flow 
if the pressure level in the feed pipe is higher than that in the intake chambers 21,31,41. 
The feed pipes from the intake chambers 21, 31, 41 to the membrane module 3 also 
contain check valves 27, 37, 47 of this type, but with a different flow direction. In 
contrast, the feed pipe 5 from the membrane module to the discharge chambers 22, 32, 

42 and the discharge line 4 from the discharge chambers 22, 32, 42, are provided with 
actively controlled valves 25, 35, 45, and 26, 36, 46, respectively, which may be used to 
regulate the inflow of concentrated salt water 13 from the membrane module 3, or the 
outflow of the concentrated salt water 14 from the pressure-compensating device 2. The 
pressure chambers 23, 33, 43 are connected to each other by a connecting line 7, in order 
to enable pressure compensation between these three chambers and to ensure an identical 
pressure level p3 in all three chambers. 

The following illustrates the operating principle of the device: The feed pump 1 pumps 
100% of the required volume of salt water 10 at a first pressure pi level (e.g. 17.5 bar) 
into the intake chamber 31, whereby the check valve 38 opens, which is indicated by the 
arrow next to it. At this time the valve 36 is open (indicated by the arrow next to it), so 
that the concentrated salt water 14 present in the discharge chamber 32 can be discharged 
through the discharge line 4. As a result of the salt water 10 flowing into the intake 
chamber 3 1 at a pressure level pi, the piston 34 is subjected to a force F = pM, where A 
is the surface area of the piston face 341 . As a result, the piston 34 is pushed upward, as 
indicated in the figure, and the concentrated salt water present in the discharge chamber 
32 is discharged through the valve 36 and the discharge line 4. The pressure level p 3 
prevailing in the pressure chamber 33 gives rise to an opposing force F G = ps'Ao (Ac is 
the surface area of the part 343 of the rear of the piston, e.g. a quarter of the piston's rear 
side), which is nearly as large, or slightly smaller than the force F. During the same 
shown operating stage, the valve 25 is open, so that the concentrated salt water 13 flows 
from the membrane module 3 into the discharge chamber 22 at the pressure level p 2 (e.g. 
70 bar). 
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Simultaneously, in the pressure chamber 23, which has been filled by the pressure 
medium through the connecting line 7 due to the upward travel of the piston 34, a force is 
exerted on the piston 24, causing it to travel downward, as indicated by the arrow. This 
causes the salt water 1 1 to be conveyed from the intake chamber 21 through the open 
check valve 27 to the membrane module 3. Inevitably, this takes place at the pressure 
level p 2 (70 bar), since the discharge chamber 22 and the pressure chamber 23 are 
subjected to a pressure of that level. All other valves are closed during the shown 
operating stage. 

Consequently, the shown embodiment of the pressure-compensating device 2 achieves a 
pressure transformation, which allows a highly efficient energy recovery from the 
concentrated salt water 13 being discharged. For this reason, instead of a high-pressure 
pump to generate the high operating pressure necessary for reverse osmosis one only 
requires a low-power filling pump 1, which in this particular case only has to generate a 
pressure level that is one quarter of the working pressure. 

Figs. 3 a and 3b show six different successive operating stages of the device according to 
the invention. Hereby the arrows 201, 202, 301, 302 are meant to indicate an open valve 
and the direction of the flow. The arrows 203, 303, and the zero 403 are meant to show 
whether the piston of the respective piston device 20, 30, 40 is moving, and if so, the 
direction of its travel. Position sensors 204, 205, 304, 305 to detect the piston position are 
provided at each of the upper and lower ends of the pressure chambers 23, 33, 43 of the 
piston devices 20, 30, 40. The left-hand diagram of each of the stage diagrams shows the 
valve position and piston travel direction that were in effect to reach the shown piston 
position. The right-hand diagram of each stage diagram then shows how from this point 
in time the pistons will move as a result of the changed valve settings. For example, the 
left-hand diagram of the representation of stage 1 shows that up to that moment the piston 
24 has been traveling downward to the limit stop (arrow 203), that the piston 34 is in the 
process of traveling upwards (arrow 303), and that the piston 44 was remaining at an 
upper limit position (zero 403). After switching the valves - valve 25 has been closed and 
valve 45 has been opened; valve 27 closes whereupon valve 47 opens automatically - the 
piston 24 remains in its lower limit position, as shown in the right-hand diagram of the 
representation of stage 1, while the piston 34 continues to travel upward and the piston 44 
is traveling downward. The last stage 6 is again followed by stage 1 . 
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The following table illustrates the valve settings in the six shown stages, whereby 
represents an open valve and '-' represents a closed valve. 
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Finally, Fig. 4 shows the operating states, i.e. the piston positions over the course of a 
complete operating cycle, which here has been subdivided into twelve individual stages. 
Once again, the direction of the arrow represents the direction of travel of the respective 
piston. 

The invention is not restricted to the shown embodiment; in particular the pressure- 
compensating device can be of a different design. Alternative designs are possible, for 
example configurations with only two piston devices, or more than three piston devices, 
and/or piston devices that are of different designs or are different from each other. 
Furthermore, the specified numerical values are only examples used to illustrate the 
invention, i.e. a modified piston geometry can result in different pressure ratios, for 
example. 
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The method and device according to the invention make it possible to achieve a very high 
energy-recovery efficiency of at least 90%. The feed pump only has to generate 
approximately a quarter of the working pressure of approximately 70 bar necessary for 
reverse osmosis, which entails significant cost-reduction- and service benefits. 
Consequently, the invention significantly reduces the general manufactunng costs of a 
device to desalt water and provide drinking water. The specified pressure ratio (17.5 bar. 
70 bar) can be fixed at a different ratio. This can be accomplished by modifying the 
piston geometry. The piston geometry is not limited to a single possible configuration. 
Depending on the salt content of the water, the osmotic pressure can and should be 
adapted- A lower pressure can be selected for brackish water, which has the lowest salt 
content; in this case the ratio may be changed or adjusted from 1/4: 3/4 to 1/3: 2/3. 

The pressure in the pressure chambers 23, 33, 43 is established during start-up of the 
device and subsequently is kept constant at that level. 
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1 . Method for the continuous desalting of water, in particular for the desalting of 
sea water, whereby 

• salt water (1 1) is introduced into a membrane module (3) and is separated 
into desalted water (12) and concentrated salt water (13), 

• the salt water (1 1) is conveyed at an increased pressure level (p 2 ) from the 
pressure-compensating device (2), which comprises several piston devices 
(20, 30, 40), to the membrane module (3), 

• the concentrated salt water (13) is discharged from the pressure- 
compensating device (2), transferring its pressure energy in the process, 

• salt water (10) is introduced into the pressure-compensating device 2 at a 
pressure level (pi) by means of a feed pump (1), 

• in front of the piston, the piston devices (20, 30, 40) contain an intake 
chamber (21,31, 41), which is connected to the feed pump (1) and the 
membrane module (3), and in the rear of the piston they contain a 
discharge chamber (22, 32, 42), which is connected to the membrane 
module (3) and a discharge line (4) for concentrated salt water (14), 

characterized in that, during operation a continuous pressure (p 3 ) is exerted on 
a part (343) of the piston (24, 34, 44) by means of a hydraulic connection 
between the pressure chambers (23, 33, 43), which are located at the piston 
rear sides of the piston devices (20, 30, 40), to assist the pressure level fo), 
which is exerted on the piston (24, 34, 44) by the concentrated salt water (13) 
that has been introduced into the discharge chambers (22, 34, 44). 



CA 02379721 2002-01-18 

2 



2. Method according to claim 1, 

characterized in that the concentrated salt water (13) alternately is introduced 
into the discharge chamber (22, 32, 42) of one of several piston devices (20, 
30, 40), whereby simultaneously the salt water (1 1) is conveyed from the 
intake chamber (21, 31,41) of the same piston device (20, 30, 40) to the 
membrane module (3), and in that simultaneously salt water (10) at a first 
pressure level (pi) is introduced into the intake chamber (21, 3 1, 41) of a 
different piston device (20, 30, 40), whereby the concentrated salt water (14) 
is discharged at a low pressure level from the discharge chamber (22, 32, 42) 
of the same piston device (20, 30, 40). 

3 . Method according to claim 2, 

characterized in that the piston devices (20, 30, 40) of the pressure- 
compensating device (2) are controlled in such a manner that simultaneously 
salt water (10) is introduced into the intake chamber (21, 3 1, 41) of at least 
one of the piston devices (20, 30, 40), concentrated salt water (14) is 
discharged from the discharge chamber (22, 32, 42) of the same piston device 
(20, 30, 40), concentrated salt water (13) is introduced into the discharge 
chamber (22, 32, 42) of at least one other piston device (20, 30, 40), and salt 
water (1 1) is conveyed from the intake chamber (21, 31, 41) of the same 
piston device (20, 30, 40) into the membrane device (3). 

4. Method according to claim 3, 

characterized in that the piston devices (20, 30, 40) are regulated by 
controllable intake- and discharge valves (25 - 28, 35 - 38, 45 - 48). 

5 . Reverse osmosis device for the continuous desalting of water, in particular for 
the desalting of sea water, 

• with a membrane module (3) to separate supplied salt water (1 1) into 
desalted water (12) and concentrated salt water (13), 

• with a pressure-compensating device (2), comprising several piston 
devices (20, 30, 40), to continuously introduce the salt water (1 1) at an 
increased pressure level (p 2 ) into the membrane module (3) and to 
discharge the concentrated salt water (13), transferring its pressure energy 
in the process, 

• with a feed pump ( 1) to introduce salt water (10) at a pressure level (pi) 
into the pressure-compensating device (2), whereby 
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• in front of the piston, the piston devices (20, 30, 40) possess an intake 
chamber (21,31, 41), which is connected to the feed pump (1) and the 
membrane module (3), and 

• in the rear of the piston, the piston devices (20, 30, 40) possess a discharge 
chamber (22, 32, 42), which is connected to the membrane module (3) and 
to a discharge line (4) for concentrated salt water (14), 

characterized in that 

• in the rear of the piston, the piston devices (20, 30, 40) additionally 
possess a pressure chamber (23, 33, 43) and the pressure chambers are 
hydraulicalry connected to each other, so that during operation a 
continuous pressure (p3) can be exerted on a part (343) of the piston 
(24, 34, 44) to assist the pressure (02), which is exerted on the piston 
(24, 34, 44) by the concentrated salt water (13) introduced into the 
discharge chamber (22, 32, 42). 

6. Device according to claim 5, 

characterized in that the piston devices (20, 30, 40) are controlled in such a 
manner that simultaneously salt water (10) is introduced into the intake 
chamber (21, 31, 41) of at least one piston device (20, 30, 40), concentrated 
salt water (14) is discharged from the discharge chamber (22, 32, 42) of the 
same piston device (20, 30, 40), concentrated salt water (13) is introduced into 
the discharge chamber (22, 32, 42) of at least one other piston device (20, 30, 
40), and salt water (1 1) is conveyed from the intake chamber (21, 3 1, 41) of 
the same piston device (20, 30, 40) to the membrane module (3). 

7. Device according to claim 6, 

characterized in that the piston devices (20, 30, 40) are regulated by 
controllable intake- and discharge valves (25 - 28, 35 - 38, 45 - 48). 

8. Device according to claim 7, 

characterized in that the connecting lines (5) from the membrane module (3) 
to the discharge chambers (22, 32, 42) of the piston devices (20, 30, 40), and 
the lines (4) to discharge concentrated salt water (14) from the discharge 
chambers (22, 32, 42) are provided with actively controlled valves (25, 26, 35, 
36, 45, 46). 

9. Device according to one of claims 5 to 8, 

characterized in that the pressure-compensating device (2) contains three 
identical piston devices (20, 30, 40). 
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Device according to one of claims 5 to 9, 

characterized in that the pistons (24, 34, 44) of the piston devices (20, 30, 40) 
are designed in such a manner that the pressure level (p3) prevailing in the 
pressure chamber (23, 33, 43) can act upon one quarter of the surface area of 
the piston rear side (343) and the pressure level prevailing in the discharge 
chamber (22, 32, 42) can act upon three quarters of the surface area of the 
piston rear side (342). 
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